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By  Andrew  Martin and James F. Reed 

SUMMARY 

semispan  wing-fuselage  models  of  the ~ m - 1  and X-1 airplanes  have 
been  tested in the  Ames  16-foot  high-speed wind tumiel  utilizing  the 
transonic-bump methe. Presented  for  these  models are the  variations  of 

moment  coefficient  with  lift  coeffi-cient  at  various  Mach  numbers.  Fluc- 
tuating  wing-behding  ploments and fluctuating  total  pressures in the  wake 

buffeting  problem.  Buffet  boundaries  estimated  from  these  fluctuation 
measurements &e in reasonable  agreement ~ t h  fught-determined  buffet 
boundaries,  giving  evidence  that  it may be  possible to predict  the  buffet 
boundaries  of  full-scale  airplanes  from  wind-tunnel  tests  of  relatively 
simple  models. 

* lift  coefficient with angle  of  attack and Mach  number,  and  pitching- 

I of  the wings were also obtained  primarily  to  aid  in  the  study  of  the 

INTRODUCTION 

One  of  the  first  factors of concern in the study of buffet  charac- 
teristics  of  airplanes  is  the  establishment of conditions of lift coeffi- 
cient  and  Mach  number  at  which  airplane  buffeting  occurs. Fl ight  tests 
to determine  buffet  boundaries  have  been  conducted  with various airplanes. 
Buffet  boundaries  have  been  correlated  with  aLirfoi1-section  character- 
istics  in  reference 1. These  airfoil-section  characteristics  were  either 
obtained  from  wlnd-tunnel  airfoil-section  data  or calculated using  theo- 
retical  airfoil-section data. 

As a swplement  to  static  force  tests of relatively  simple  models 
of  the F8F-1 and X-1 airplanes on the  transonic  bump  of  the Ames 16-fwt 
w i n d  tunnel,  fluctuating  wing-bending  moments  and  fluctuating  total  pres- 
sures in the  wake  of  the  wings  were  measured.  These  fluctuation  measure- - ments  were  correlated  with'fligbt-determined  buffet  boundaries. 

UNCLASSIFIED 
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bending-moment  coefffcient [-] 
double  amplitude  of  bending-moment  coefficient  fluctuations 

lift  coefficient 1 
pitching-moment  coefficient,  referred  to 0.25 F 

pressure-fluctuation  coefficient 

Mach  number at 0.25 mean  aerodynamic  chord  position 

local  Mach number 

Reynolds  number  baaed on mean aerodynamic  chord 

total  wing  area  (twice wing area  of  semispan  model),  square  feet 

free-stream  velocity,  feet  per  second 

twice  span  of  semispan m o d e l ,  feet 

local wing chord,  feet 

mean  aerodynamic  chord 

average  total-pressure loss in wake, pounds  per  square  foot 

double  amplitude  of  total-pressure  fluctuations in the  wake, pounds 

dynamic presaure ($ p V 3 ,  pounds  per  square  foot 

Bpanwise  distance  from  plane .of symmetry,  feet 

per  square  foot 
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c a angle  of  attack of root  chord,  -degrees 

p air  density,  slugs  per  cubic  foot 
a 

MODEL AND APPARATUS 

Two semispan  wing-fuselage  models  were  used  during  this  investi- 
gation,  namely, a O.O'/lk-scale  model  of  the F8F-1 airplane  and a 
0.0893-scale  model of the X-1 airplane.  The  geometric  characteristics 
of  the  models  used during these  tests  are  shown in table I. The w i n g s  
were  made of solid  aluminum and the  fuselages  were  constructed of wood. 
Simplified  models of the  airplanes  without  canopies  or tail surfaces 
were  used.  Photographs of the  models  investigated  are shown in figure 1. 

These  models  were  mounted on a transonic  bunp in the  Ames 16-fmt 
high-speed w i n d  tunnel.  The bump is described in detail  in  reference 2. 
The  aerodynamic  forces  and  moments  were  measured by meane  of a strain- 
gage  balance  mounted  inside  the  bump. 

I The  fluctuating  total  pressures in the  wake  of  the  wings  were  meas- 
ured  with  rakes.  (See  fig. 2.) Flush-type  pressure  cells similar to . those  used i n  the  wake-measurement  instrument  axe  descrfbed in refer- 
ence 3 and  the  electronic  instrumentation  is  described fn reference 4. 
The  frequency  response  of this equipment  has  been  extended  to 300 cycles 
per  second  with  f5-percent  accuracy.  The  fluctuating  bending  moments of 
the  wings  were  measured by mesas of  strain  gages  mounted-on  the w i n g  
surfaces  near  the  root  chord.  (See  fig. 3 . )  

TESTS 

Range of Variables 

The aerodynamic  characteristics  of  the F8F-1 semispan  wing-fuselage 
model  were  investigated  for a Mach number range from 0.40 to 1.02 with a 
corresponding  Reynolds  number  range of 1.4 to 2.2 million. The aero- 
dynamic  characteristics  of  the X-1 semispan  wing-fuselage  model  were 
investigated for  8. Mach  number  range from 0.40 to 1.08 with a correspond- 
ing  Reynolds  number  range of l.l.to 1.9 million.  The  curves  of  Reynolds 
number  variation  with  Mach  number for these  tests  are  shown  in  figure 4. 
The  Reynolds  number is based on the  mean  aerodynamic  chord  of  the wlng. 
Typical  contours of local  Mach  number  in  the  vicinity  of  the  models on 
the bunq are  shown in figure 5. The angle-of-attack  range for these  tests 
varied  from -2O to  the  highest  positive.angles  allowed  by  the  structural - limitations of the d e l .  
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linear  response  to  external 
pressure or  to vacuum, which  was  unchanged by the  temperature  variation 
in the  range  encountered during the  tests. O n l y  data from the  center 
rake  were  analyzed  because  the  outboard  and  inboard  rakes  did  not  operate 
satisfactorily. No pressure-cell  response  occurred  as a result of the 
vibration  of  the  wake  instrument. 

Lift  forces,  pitching  maments,  fluctuating  bending  moments,  and 
fluctuating  wake  pressures  are  presented in coefficient  form in figures 6 
through 13. No tare  corrections  axe  applied  to  the  force  data.  Bloc-e 
and tunnel-wall-interference  effects  axe  negligible  since  the  models  are 
extremely 8mall in  camparison  with  the  tunnel  test  section.  The  indicated 
Mach number  represent8  the  Mach  number  at  the 0.25 F of the w i n g .  The 
angle of attack  was  corrected by -0.4O because of flow  inclination  over 
the bump. 

The pitching-moment  coefficients for the F8F-1 model  are  too large 
by an mount equal  to 0.081 times  the d r a g  coefficient of the  model. 
This correction  could  not  be  evaluated  because  of  malfunctioning  of  the 
drag balance. 

Wing  fluctuating  b.ending  moments.-  These  moments  were  measured  with 
calibrated  strafn gages and recorded by means  of a multiple  recordfng 
oscillograph. The  three maximum peak-to-peak  amplitudes of the  traces 
were  measured from each  record  and  the  averages  of  these  amplitudes  were 
converted  to  bending-moment-coefficient  fluctuation (ACB) and plotted as 
a function of Mach number  at  constant  lift  coefficiente  (fig. 12). The 
structural rigidity of the  model wing affects  the  magnitude of the  bending- 
moment  fluctuations.  It  is  thus  necessary  to  find a criterion  for  which 
the  effect of this  structural-rigidity  factor  is  negligible.  For  these 
models,  the values of a(Ac3) equals M.05 and -0.05 were  used.  The 

lines  connecting  these  points  define  the  lower  and  upper  limits,  respect- 
ively, of the region  of  increased  bending-moment  fluctuations. 

apI 

' Fluctuating  tot&-wake  pressures..-  The  average  fluctuating  total 
pressures  measured.by  the  center  rake  in  the wake of the wings have  been 
recorded  and  analyzed  in a manner similar to that  deecribed  for  the  bend- 
ing  maments.  These average amplitudes  were  converted  to  pressure- 

fluctuation  coefficient (%) and  plotted as a function of Mach  number  at 
constant  lift  coefficients in figure 13. An axbftrary  value  of ah = 0.05 

Q 
was used  to  define both the  lower and upper  limits  of  the  region  of 
increased  total-wake-pressure  fluctuations. - 
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RESULTS AND DISCUSSION 

Static  Aerodynamic  Data 

5 

The  static  lift-force  and  pitching-ament  characteristics of the 
models  are  presented in figures 6 through U. 

Buff  et  Boundaries 

Shawn  in figue 12 is  the  variation of bending-moment-coefficient 
fluctuation  versus  Mach  number  at  constant  lift  coefficients  for  the 
F8F-1 and  the X-1 models.  Plots showing the  variation of pressure- 
fluctuation  coefficient  with  Mach  number  at  constant  lif't  coefficients 
are  shown in figure 13. Predicted  boundmies,  obtahfed as described in 
the  last  section,  for  both  the F8F-1 and the X - l m o d e l s  were  obtained 
f r o m  figures 12 and 13, respecttvely.  These  estimated buffet.bmnhries 
are  compared  with  buffet  boundaries  determined from flight-test data of 
full-scale  airplanes in figure 14. For  the F8F-1 m o d e l  (fig. 14( a) 1 both 
methods  of  obtaining  the  buffet  boundaries  from  wind-tunnel  tests  agree 
very  well  at low lift  coefficients.  However,  disagreement is apparent 
with increase in lift  coefficient.  For the F8F-lmodel at a lift coef- 
ficient of 0.5 the  buffet  boundaries  are  at  Mach  numbers of approximately 
0.61, 0.63, and 0.66 as indicated by the  fluctuating  pressures in the 
wake,  fluctuating  bending  moments, and flight data, respectively.  For 
the ~8~-1modelthe bending-mament  data  appears  to  correlate  better  with 
the  flight-determined  buffet  boundary  throughout  the  test  lift-coefficient 
range. 

- 

For  the X-1 model in figure 14( b) , the  buffet boundary obtained from 
the  fluctuating  pressures in the  wake  gives  the  best  correlation  with the 
flight  buffet  boundary. At lift  coefficient of 0.5, the  lower  buffet 
boundazies  axe  at 0.78, 0.79, and 0.79 Mach  numbers  obtained from the 
fluctuating  bending-moment data, fluctuating  wake-pressure data, 8nd 
flight data, respectively.  The  upper  buffet  boundaries  at 0.97, 0.98, 
and 0.995 M a c h  aumbers  are  obtained from the  fluctuating  wake-preseure 
data,  flight  data, and fluctuating  bending-moment data, respectively. 

It  appears  that  buffet  boundaries  of  full-scale  airplanes  can  be 
estimated  frcan  fluctuating  wing-bending  moments and fluctuating  wake 
pressures  measured for relatively  sirsple  models in a wind  tunnel. How- 
ever,  more  wind-tunnel  tests  should  be  undertaken  with  models of other 
airplanes  to obtain similar fluctuating  data frm which  buffet  boundaries 
may  be  determined,  thereby  substantiating or modifying  the  above  methods. 
The  fluctuating  total  pressures  in  the  wake of the wings, from which 
buffet  boundaries  were  determined,  were  measured by the  center  ralre. 

4 
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Two other  rakes  were  provided  but  they  did  not  operate  satisfactorily 
durhg these  tests so no  raeaiure  of  the  effects  of  the spmwlse location 
opthe rake  on  the  buffet  boundmies  was  obtained.  Howe-er,  it was pos- 
sible from existing data to  see  that  buffeting was first  indicated by 
the  inboard  rake  pressure  measurements  and  moved  outboarrd  toward  the  wing 
tips.  In  future  tests of such  models,  the  effects of spanwise  location 
of  the  rake on the buffet boundaries predicted from wake-pressure  fluctu- 
ation should be  determined. Also, the  effects  of  structurEtl  rigidity  of 
the models upon  the  prediction  of  buffet  boundaries,  should  be  considered. 

CONCLUDING REMARKS 

The  results of this investigation  indicate  the  following: 

The  buffet  boundaries  of  the F8F-1 and  the X-1 full-scale  airplanes 
were  estimated from fluctuating  bending-mcanent data. and fluctuating  wake 
pressure  data  obtained  for  relatively  simple models in a wind tunnel. 
These  buffet  boundaries  are  irressonable  agreement w i t h  those  determined 
from  flight  tests  of  the  full-scale  airplanes.  The  fluctuatfng  bending- 
moment  data  correlated  better w i t h  flight  determined  results for the F8F-1 
airplane  whereas  the  fluctuating  total  pressures in the  wake  agreed with 
flight  results  more  accurately for the X - 1  airplane. 

Ames  Aeronautical  Laboratory 
National  Advisory  Committee  for  Aeronautics 

Moffett  Field,  Calif. 
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TABU r.- GEOMETRIC CHARACTERISTICS OF THE MODELS I 

Models 

~ 8 ~ - 1  
(0.0714 scale)  

s . . . . . . . . .  zy square fee t  0.622 

b F, inches. . . . . . . . . . .  15.216 

F, inches . . . . . . . . . .  6.254 

Aspect r a t i o  . . . . . . . . . . .  5.17 

Root section . . . . . . . . .  NACA 

Tip  section. . . . . . . . . .  NACA 
23019.26 

23009 

Tip  chord,  inches. . . . . . .  3 679 

Root chord,  inches . . . . . .  8.279 

Incidence 
Root chord to thrust  line,  degrees 3 
Tip  chord to   th rus t   l ine ,  degree8 3 

Dihedral,  degrees. . . . . . .  5.5 

Washout, degrees . . . . . . .  0 

Unswept reference  line . . . .  35-percent 

Taper ra t io .  . . . . . . . . .  0.44 
chord 

Fuselage 

Fineness r a t i o  . . . . . . . .  4.9 

x-1 
(0.0893 scale) 

15 .OOO 
5 155 

6 

65-108 (=I) 
6.625 

3 313 

2.5 
1.5 

0 

1 

"percent 
chord 
0.5 

6.7 
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(b) The X-1 model. 
Figure 1.- ,Photographs of the F8F-1 and X-1 models w i t h  t he  wake- 

masurement instrumsnt . 
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0 
h: 

A / /  dimensions 
in inches 

See detail 

Figure  2.-Details of  wake-measurement  instrument. 
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fa) F8F-I model. 

HI dimensions in inches. 

/b) X-I model. 

Figure 3.-?/an views of F8F-I ond X-I models mouniod on the ironsonic bump showing focofion 
of  woke measuremenf insirumenf. 
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Bump sfofion, inches "537 
(a) F8f-/ mode/. (6) X-/ mode/. 

Figure 5.-Typica/ Mach number confours  over  fhe  fransonic h m p  in fhe 
vicinify o f  fhe F8F-/ and X-/ models. 
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.4 .5 .6 .7 .8 .9 LO /. / 
Moch number, M 

F igure  8. - Variation o f  l ift  coeff icienf w i t h  Moch 
number of consfonf  ongles of a f fuck   fo r  the F8F-I 
model. 
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Figure IO.-Variation of lift coefficient witb pitching-moment  coefficient at constant 
Mach numbers for the  FBF-I  model. 
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Figure I 1.-Yurtatton of lift coefficient witb pitching-moment  coeffictent at constant  Mach 
numbers for the x-! model. 
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tal  F8F- / mode/. 
""" Buffef boundary 

.4 .5 .6 .7 .8 .9 1.0 /. / 
Much number w?97= 

16) X-/ mode/. 

Figure /2.-The vuriufion o f  bending-momsnf-coefflc/ent 
f/ucfuut/bn with Much number ut constunt lift 
coefficients for the F8F-/ and the X-/ mode/s.. 
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GI6 Moch number 

( b l  X - /  mode/. e 
Figure 13. -  The vuriu  frbn  of  pressure-f/ucfuotion 

coef f ic ient  wi fh  Much  number at consfunf / iff 
coefficients  for  the F8F-/ und the X-/ models. - 
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F/ucfuating wake-pressum dafa.  (/6'-foof wind funnel) 
"""" F/ucfuafing bending-moment duta. ( /6 ' - foof  wind fume/ )  "- Accelerometer at a/rp/ane center: of gravity. (Flight) 

c 

.4 .5 .6 .7 .8 .4 .5 .6 .7 .8 .9 LO L l  
Mach number, M v .. 

(a) F8F-/ airp/ane. (b) X-/ oirphne. 

figure 14.- Comparison of wind-funnel buffef boundaries wifh flight 
buffef boundaries for fhe f8F /  and X- /  a/rp/ones. 



t 
J 

i 
f 
t 

t 


